Freight transport plays a very important role in economic activities. However, in some cases, the local transportation authority often disregards its existence, including in parking management issues. This research is aimed at developing an optimization model for off-street parking space management that considers freight cars and passenger cars as two different entities. Optimization aims at minimizing the joint function of the parking index of freight cars and the parking index of passenger cars. Weighting is given to both parking indexes to represent the interest level of parking operator to both types of vehicles. Parking space of both vehicles is at any time is arranged in a dynamic manner based on the inflow and outflow rate of vehicles at previous times. The parking index is limited by the maximum parking index desired by the management. The proposed model is applied to the parking activity in Jatinegara Trade Center (JTC), Jakarta, and shows that the model solution provides a better parking index than the actual parking index (without optimization).
INTRODUCTION
Parking is a compulsory activity for people or goods transport using vehicles. Any motorized trip definitely requires a place for parking. Space limitation, particularly in the city center, has made the parking problem a central issue in urban traffic management. Many studies relating to parking have been conducted, all of which aim at seeking the most effective and efficient way to manage parking space. Wei Liu et al. (2014) manage parking lots with user's time management schemes (parking duration and parking time) and aim to reduce travel costs. Arnott et al. (2013) manage the use of parking space in the city center by taking into account the heterogeneity of the individual user and by considering the value of time and parking duration. Parking solutions utilizing information systems have also been the object of many studies. Jong-Ho Shin et al. (2014) provide a solution to drivers to use ICTs to monitor the availability of parking space based on censorship. This is due to limited parking space and high parking costs, especially in the city center. Some information are generated from the solution, such as distance to parking facility, walking distance from the parking facility to the point of destination, parking cost, and condition of road congestion in reaching the parking facility. In this method, data communication uses VANETs (Caliskan et al., 2007) to transfer information on the parking status to the parking manager, which is then passed on to the drivers through a communication set. Klappenecker et al. (2014) predict the total number of available parking spaces in a parking facility using a method developed by Caliskan and Marlov. Based on the information from various alternative parking lots, users are informed through a vehicular network about the number of occupied spaces, capacity, arrival, and parking rate. Hence, users can obtain information on the available parking space upon arrival and can save costs and fuel. Nourimejad et al. (2014) studied the parking policy on city trucks, including time limit, price policy, space management, and law enforcement, by developing a method which considers any potential impact of the policy on truck and passenger car parking on the road shoulder in urban areas. Using an econometric method based on the type and parking location, it can be concluded that the searching time for parking space for a freight car is shorter than that for a passenger car.
Previous studies show the importance of regulation of parking management, particularly in the city center, due to limited space. In most cases, the study does not distinguish the user of the parking space between freight and non-freight (passenger car). However, the freight activities in trade centers, which often take place in the city center, are usually somewhat intensive. Due to the characteristics of their dimensions, maneuvering, or loading, unloading freights tend to require more time and wider spaces for parking than passenger cars do. Parking prohibition for vehicles, particularly freight vehicles in trade centers, often has no positive impact on the economy because it is not followed by readily available goods conveyance infrastructure. On the other hand, several studies relating to urban freight highlight the need for more effective solutions to handling city freight, including solutions through parking management (Taniguchi et al., 2014; Munuzuri et al., 2005) . Due to the increase in the role of city freight, it is necessary to specifically study city freight, particularly with regard to its parking activities. The initial concept of optimization of off-street parking space with dynamic simulation has been done by Nahry and Sumabrata (2013) .
The model is aimed at optimizing the use of parking space by considering the characteristics of parking usage in real time and dynamically. In this concept, the user of the parking space is specifically distinguished between freight car and passenger car. The concept is based on the parking management techniques that utilize information about the availability of parking space through the information board in order to reduce parking searching time. Through this concept, we can give priority to freight vehicles or passenger vehicles according to the arrival and departure rate in real time and dynamically.
The current research is based on the application of this concept at one of the wholesale trade centers of Jakarta that is dominated by freight vehicles, namely Jatinegara Trade Center (JTC). Its parking lot is has a high proportion of freight vehicles, with a composition of 49% and 51% for freight vehicles and passenger cars, respectively. The land transport authority of Jakarta prohibits on-street parking by giving solutions of alternative parking lots, but they are not effectively utilized by the freight cars that are going to JTC, because they are too far and there is a lack of goods conveyance facilities to JTC. Due to the limited area of the JTC parking building, efforts should be made to manage the parking area according to the real time characteristics of the arrival and departure of vehicles and by specifically distinguishing freight vehicles and passenger vehicles, so that the parking services may be enhanced.
MODEL DEVELOPMENT
Basically, the optimization model is based on the information of the parking characteristics during a particular time period, in relation to flow-in (F in ) and flow-out (F out ). In this case, the vehicles are distinguished between the freight vehicles and passenger vehicles. This information may be obtained through the records of vehicle flow at the entrance and exit of the parking building. The optimization principle is intended to manage the parking space in such a way that it is divided into two zones, namely freight zone (with the number of parking spaces R FC ) and nonfreight zone (with the number of parking spaces R PC ). This partition results in two parking indexes: parking index of freight cars (PI FC ) and parking index of non-freight cars (PI PC ). Parking index denotes the ratio of parking accumulation to total parking space provided. For two conditions with the same parking inflow and outflow, the lower the parking index, the more efficient is the utilization of the parking area. Optimization aims at minimizing the Z-value, where Z-value is the joint function of PI PC and PI FC . R PC and R FC are dynamically managed for each time interval during the parking operation period. The space management (R PC and R FC ) at any time is based on the amount of the previous F in and F out .
R PC and R FC arrangement are limited by PI max determined by the parking management. PI max illustrates the allowable maximum parking index and represents the service level desired by the parking system. The illustration of the amount of PI max is given in Table 1 . Due to the change in parking spaces of both types of vehicle from time to time, it is likely that there will be a condition where vehicles are prohibited to enter because no more parking spaces are available. This requires the aid of the announcement board at the entrance gate, so that vehicles that enter may change their plan at once. Immediately after a parking space has been made available, vehicles may be allowed to enter. The minimization program of this optimization model is as follows (Nahry & Sumabrata, 2013) : (6) We divide the operation time of the parking building (T) into several time intervals. Time (T) may also be the total period of time where the optimization is done (in case the optimization is not applied at the entire time of the parking operation). The proposed model is aimed at minimization of joint function of PI FC and PI PC during time t, while the proportions of area for both types of cars become its decision variables. The coefficients α and β are used for weighting of both types of cars. As the authority intends to give more priority to freight cars, it is able to use any number for α and β provided that α is greater than β. For example, a ratio α/β 10/90 denotes that the parking authority gives priority to passenger cars to occupy a parking area nine times larger than that of freight cars. The bigger the difference between the coefficients, the bigger is the difference of priority given to both types of cars. The objective function is constrained by the total number of parking space units and also the maximum allowable PI. The algorithm of the optimization model is described in Figure 1 as follows. 
MODEL SIMULATION
The model is applied at the JTC wholesale trade center, in the form of simulation using real data. JTC's parking building is a four-storey parking building with a total static capacity of 250 parking space units. The input data used in this simulation model takes the form of parking data for five hours from 09:00 am to 14:00 pm. Video cameras are placed at the entrance and exit of the parking building. This records and calculates the number of vehicles entering and exiting the parking building automatically, using the method of motion capture. Any vehicle entering the capture area is calculated and recorded directly by the system, and then the data is entered into the computer database to be processed and further used for the SQL program simulation database server. In this application, the accumulation of freight car and passenger car is calculated per 30 minutes for five hours. The recorded inflow and outflow data and their accumulation, as well as parking index of the condition before optimization, are given in Table  2 . Since the parking management currently gives the same priority to both freight cars and passenger cars, the α/β ratio used in Table 2 is only 50/50. By assuming that the arrival and departure of vehicles to JTC do not change during the model simulation, using data for five hours with time intervals of 30 minutes, optimization is done using the algorithm as described in Figure 1 . Each minimization program of Z(α,β) uses Equations (1)~(8). Figure 2 shows the output pattern of the minimization program at t = 2 or t = 09.30-10.00. In order to show the optimization process of a certain time interval, an example of calculation is presented, that is for t = 2 or at the interval of 09:30-10:00. For simplicity, the optimization process is shown altogether by simulating three values of ratio α/β: 10/90, 50/50, and 90/10. These ratios represent the extreme values of weighting. In a real situation, any number of ratios can be applied. The simulation is done to show the role of α and β in affecting the composition of freight car parking space (R FC ) and passenger car parking space (R PC ). This ratio describes the priority weight to be given to both types of vehicles. Obviously, in application, we can either apply only one ratio of α/β during the whole period of parking operation or any various numbers for each time interval. A detailed description of determining the minimum Z-value (using Equation 1) at t = 2 is illustrated in Table 3 and Figure 3 . For a certain α/β ratio used, the minimum Z-value is searched among the 15 possible compositions, and the associated decision variables (i.e., R FC and R PC ) are generated from that solution. Obviously, using the SQL program, searching of the minimum Z-value may be done more accurately using the finer increment of R FC and R PC . Table 3 merely presents the increment of 5%. For each simulation, the minimum Z-value and the associated composition of R FC and R PC are summarized in Table 4 . It shows that the higher the value of α, the higher is the proportion of area of freight car parking space. Table 5 shows a value of PI produced from the three simulations at t = 2. It shows that the addition to parking space of freight car due to the addition to α will reduce PI FC itself. It shows that PI FC goes down from 2.06 to 0.75 when α increases from 10 to 90. In this case, passenger cars suffer due to the addition to α, where PI PC changes from 0.51 to 1.78. This takes place because the optimization aims at minimizing Z-value, not at minimizing PI FC or PI PC separately. Table 6 . At almost all time intervals, the optimized Z-values are lower than the actual ones. Since Z-value is associated with the PI and since lower PI may correspond to better utilization, it can be concluded that the proposed model could improve parking performance. It is strengthened by the t-test with a level of confidence of 95%, which shows that there is a significant difference between the actual result and the optimization one. This significant difference shows that the proposed model significantly improves the system compared to actual conditions. The results imply that distinguishing the vehicles into two types (i.e., freight vehicles and passenger vehicles), distinguishing their parking capacity, and managing their inflow and outflow according to their available spaces in dynamic real time may result in better parking performance.
CONCLUSION
The development of the parking space optimization model is done by optimizing the use of parking space by distinguishing the parking zones of freight car and passenger car. It is aimed to give priority to the type of vehicle that, in actual conditions, is dominating the use of the parking space. The optimization is aimed at minimizing the joint parking index of the two types of vehicle by giving the weight of interest for each type of vehicle. The parking space management of each type of vehicle is dynamic, varying from time to time according to arrival and departure flow. Hence, the method of recording vehicle inflow and outflow becomes important. The application of the proposed model shows a significant improvement in the joint parking index compared to actual conditions (without optimization).
Since the optimization model mostly depends on the data recording of arrival and departure of vehicles, more advanced development is required in the recording set to distinguish the two types of cars more precisely. The use of metal detectors, weighting, and censoring of height at the entrance and exit gates are possible alternatives.
